In the course of recent studies on the thyroid gland new methods were devised for the demonstration of intrafollicular crystalline thyroxine and proteolytic enzyme.22 In addition to these findings there were observed from time to time in the epithelial cells of the thyroid, brown or black granular inclusions. These varied in size and in number and it became apparent that the accumulation of this substance was related either to hemorrhages caused by surgical trauma or to interference with the circulation during operation. A similar substance related to the same factors was found in the endothelial and muscle cells of the blood vessels.
blue (Griubler) into a fixator consisting of formaldehyde (Merck, blue label) and acetone (Baker, c.p.) with subsequent treatment of tissue with acetic acid-zinc sulphate solution. Details of the technic are published elsewhere. 22 The sections from the material prepared by such methods require no additional staining and this facilitates preparation, from paraffin-embedded material, of uniform sections in serial order. The rationale of these new methods was suggested by the work of various investigators: Robertson,23 Holzberg, 12 Martson,'8 and Walker,27' 28 who were using azine and azonium compounds for the precipitation and purification of the proteolytic enzymes. In many instances the author's silver reduction method21 was used, and it has been found to be of particular value. In each case control studies were made with the use of 15 per cent neutral formaldehyde (Merck, blue label) and Helly's fixatives followed by staining of sections with various methods.
Results
The human thyroid material induded all main pathological entities. The dinical and surgical data were recorded in each case and it was therefore possible to tabulate the material in regard to the type and the duration of the operation. A careful evaluation of the surgical injury found in each individual specimen was made. In selecting pieces for fixation, records were made to indicate whether the block came from an injured or a non-traumatized portion of the tissue. It must be mentioned that the tissues were fixed without delay and as soon as they were received from the operating room.
Sections made with the aid of the new methods show a striking difference in the appearance of the injured and of the uninjured parts of the thyroid gland. While uninjured parts were free from unusual histological manifestations, the sections from traumatized areas have always shown intravascular stasis and sometimes interfollicular hemorrhagic infiltration with the accumulation of dark brown granules. In some sections such granules are found only in the endothelial lining of the blood vessels which, sometimes, contain erythrocytes and, scattered between them, minute brown granules. In other instances the granules are found only in the basal part of the epithelial cells adjoining the zone of injury, while the opposite part of the same follicle and distant to the site of injury shows no intraepithelial granules. In cases of long and difficult operations, both the gross and microscopic signs of tissue injury are more advanced. Here the entire group of follicles in the zone of vascular blood stasis and of hemorrhagic infiltration show massive accumulations of granules which entirely fill the epithelial cells of the acinar lining.
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Such follicles loaded with black granules stand out clearly against the normal neighboring follides outside the zone of injury and free of granulations (Fig. 1) . Control sections, made from the material fixed in neutral formaldehyde and stained with hematoxylin and eosin show no similar intra-epithelial granulations. No granules of this kind were found in the material fixed in Helly's fixative. Traumatized areas show no difference in the intensity of silver reduction by the individual erythrocyte, and no evidence of hemolysis, crenation, or fragmentation of erythrocytes was found in the traumatized area. Furthermore it was found that delay in fixation does not change the quantitative and the qualitative aspects of the granules. These results, then, indicate that these granules are derived from the erythrocytes, that they are unrelated to hemolysis, and that they are formed and absorbed intravitally.
Considering all aspects of these findings it is concluded that the granular substance is an "easily split-off iron," which otherwise is called in chemical literature "easily detachable iron" or "labile iron." It is important to note, that a two-hour interval between the beginning and the end of the operation is sufficient for the release and penetration of the released iron into the epithelial cells. The histological picture of such storing or "Speicherung" of this intrinsic substance by the epithelial cells surpasses in rapidity and extent the storing of the extrinsically introduced substances or dyes by the cells of the reticulo-endothelial system. The phenomenon described has been observed in all kinds of surgically removed thyroids, but it is particularly prominent in soft, bulky, and anatomically defective adenomas.
Further studies have shown that the release and intracellular accumulation of labile iron occur in a number of pathologic conditions. In cases of puerperal sepsis, for instance, both the endothelial and the decidual cells of maternal placenta show massive accumulation of labile iron (Fig. 2) . Control studies were made on normal maternal placentas and no trace of labile iron was found in the endothelial and decidual cells.
The neoplastic group studied include carcinomas of the breast, of the gastro-intestinal tract, of the pancreas, and metastatic carcinomas in the liver, lungs, and brain. The finding of interest is that neither carcinoma cells of primary or secondary growth are capable of taking up the labile iron. This peculiarity is well shown in sections from metastatic foci in the liver. Here no labile iron is found in carcinoma cells but the liver cells adjoining the carcinomatous growth are loaded with iron (Fig. 3) . The toluidine blue method stains the intracellular bile pigment a bluish green and this permits differentiation of the bile pigment from the labile iron which stains a dark brown. The accumulation of the labile iron in liver cells was found in puerperal sepsis, septicemias following peritonitis, acute intestinal obstruction, and shock, but since these cases were clinically complicated and were treated with sulfa-drugs and blood transfusions, it is difficult to decide which factor has contributed more to the release of the iron. Experiments on rabbits indicate that the subcutaneous administration of large doses of sulfapyridin cause considerable release and accumulation of iron in the liver cells.
Interesting results were obtained from examination of tissues from cases of erythroblastosis of the new-born which were not treated with sulfa-drugs or blood transfusions. Comparative studies of various organs have shown that not only the liver and kidneys, but also the suprarenals and the thyroid were filled with labile iron. Most significant is the massive accumulation of the labile iron, particularly in the chief cells and alpha cells of the hypophysis (Fig. 4) . Irrespective of the causative factor, lesions of the brain associated with hemorrhage and blood stasis show massive absorption of labile iron by the macroglia cells. No labile iron has been demonstrated in the liver, kidneys, spleen, thyroid, and hypophysis of rabbits following injection of distilled water and of rabbit hemoglobin obtained by freezing and thawing the blood.
The results of examination of various tissues lead to the conclusion that the release of the labile iron is an intravital process, and that the interference with normal blood flow is the main factor which causes the splitting off of the labile iron from the erythrocytes. The most convincing evidence in support of such a corncept is afforded by studies of the surgical thyroid material. Additional corroborative evidence is furnished by results of experiments made on rabbits to test the effect of ligation of arteries upon the release of labile iron. The popliteal artery of both legs was clamped with a hemostat and immediately one of the arteries below the clamp was perfused thoroughly with isotonic sucrose solution, while the artery of the opposite side was left as control. After three hours the animal was killed by air embolism, and the blood vessels were dissected below the hemostat and fixed in suitable solutions. Neither the endothelial nor the muscle cells of the arteries and veins of the perfused limb have shown the presence of labile iron. The sections from corresponding blood vessels on the opposite side, however, showed the lumen to be filled with stagnant blood and the endothelial and muscle cells loaded with labile iron (Fig. 5) . The deposition of iron was found not only near the hemostat, but even in the distal parts of the vascular bed. In addition, a crushing injury of the popliteal region of the rabbit was produced by a hemostat and the crushed area was dissected and examined three hours after injury. Release and accumulation of labile iron has been demonstrated in the endothelial and muscle cells of the blood vessels, and also in the polymorphonuclear leukocytes. No absorption of labile iron by the lymphocytes has been found and it should be added that no labile iron was found in the lymphocytes in the human material.
Discussion
In the present investigations new methods were applied and a black granular substance was demonstrated in the vascular endothelium, in the muscle cells of the blood vessels, and in the epithelial cells of various organs. This process of storage or "Speicherung" has been found to be related to the intravascular stasis and hemorrhagic infiltration of the tissues. The examination of the thyroid gland from surgical cases and of the experimental material has demonstrated clearly that the storage of the black granular substance takes place with unusual rapidity and is not associated with hemolysis or with destruction of the erythrocytes. Since there was no evidence of storage of the substance in the uninjured thyroids, and since ligation of the artery with subsequent blood stasis resulted in intracellular deposition of the same granular substance, it is evident that this substance is derived from the erythrocytes and that it accumulates whenever an interference with normal circulation is taking place. The fact that the vascular wall of the artery which was ligated and was washed out immediately did not show storage of the granular substance in the cells serves as evidence in support of the above interpretation. Demonstration of this substance is effected through the action of reducer (formaldehyde) in the acid medium (acetic acid). Control studies exclude the possibility that this substance is a hemosiderin. It is reasonable to assume, therefore, that we are dealing with a process of rapid detachment of a fraction of iron which takes place at the site of blood stasis or blood extravasation and is accompanied by speedy storage of this detached iron in the vascular endothelium, in the muscle cells of the blood vessels, and in the epithelial cells of practically all organs. The absorption of the easily detachable iron is observed not only in all instances of local and general mechanical injury sustained by the vascular system, but also in such conditions as puerperal sepsis and erythroblastosis. An extensive accumulation of labile iron in the decidual cells in cases of puerperal sepsis indicates that these cells possess an extraordinary faculty for taking up such iron. The extensive storage of labile iron by the epithelial cells of the hypophysis was found in erythroblastosis of the new-born and this finding is of clinical and diagnostic significance. The labile iron was not found in carcinoma cells and it appears therefore that this iron is taken up only by the normally functioning epithelial cells. It is obvious that the "blockade" of cells with iron must interfere with the permeability of the vascular endothelium, with the contractility of the muscle cells of the blood vessels, and with the functional activity of the epithelial cells.
Hemosiderin is the only iron-containing blood derivative that is discussed in present-day histopathology. Older investigators had observed in formaldehyde-fixed tissues an iron-containing substance which was generally considered as an artefact and was named therefore a "formol precipitate." To prevent the formation of that artefact various methods have been tried. Schridde and Fricke24 treated tissues with ammoniacal bath and by such treatment they were able to prevent the formation of "formol precipitate." This "annoying precipitate" was considered by Verocoy26 as a product of hemoglobin reduction by the formaldehyde, and as a preventive measure he advocated the use of oxidizing substances such as chromic acid, chromic salts, potassium permanganate, and hydrogen peroxyde. In discussing the matter of formation of this iron-containing precipitate he frankly admits that neither its mode of formation nor the process of its disappearance are understood. He observed this precipitate mainly in tissues rich in blood and he assumed therefore that hemolysis and the free escape of hemoglobin are the prerequisites for its formation. The presence in the cells of iron-containing precipitate has been explained by Verocoy as a phenomenon of imbibition. It is of interest to mention that this author has observed the precipitate in tissues surrounding a hemorrhage, while the lumen of the blood vessels and the hemorrhagic focus were free from it. Furthermore, he noticed the "formol precipitate" not only in tissues fixed in formaldehyde after many hours of delay but also in freshly fixed tissues from septic cases. The "formol precipitate" was considered by a majority of pathologists of that time as an artefact, but Gierke,10 in his publication on the iron content of calcifying bones, stated that iron is regularly found along the line of ossification and that this phenomenon is a vital process. Hueck"3 did not agree with Gierke and considered the impurities in the formaldehyde and other solutions and a prolonged fixation as being responsible for the iron imbibition. Hueck's explanation was invalidated by Sumita25 and by Eliascheff,9 who were able to demonstrate iron in ossifying bones fixed for a short time in iron-free formaldehyde and also in unfixed preparations. MacCallum17 feels that the reaetion for iron is not, as has been asserted by some, due to iron as an impurity in the formaldehyde. Since the use of neutral formaldehyde became universal, the reports on "formol precipitate" became scarce, and with time the interest in this problem vanished, leaving behind an obvious misconception regarding the question.
Iron is now recognized in three forms in the blood: 1) hemoglobin iron, 2) plasma iron, 3) easily detachable iron. The easily detachable or labile iron is an ionized and dialyzable form of blood iron. Despite numerous chemical investigations carried on for the last 18 years, the part which the labile iron plays in the organism, and much more so in pathological conditions, is still poorly understood. It seems, therefore, appropriate to consider briefly the chemical aspect of this problem. Barkan' and Lintzel'5 have shown, independently, that from 5 to 10 per cent of the total blood iron occurs in ionized form. The question arose whether this iron is derived from the hemoglobin or from some unknown iron-containing substance in the blood. Lintzel'5 and Lintzel and Radeff'6 have considered oxyhemoglobin as a source of the easily split-off iron, and have shown that splitting takes place when the oxyhemoglobin is subjected to the action of dilute acid. In his early work Barkan2 suggested the possibility of the labile iron belonging to the complex of iron transportation, and he demonstrated in his studies on anemia the independence of this iron from the level of the hemoglobin. The origin of the labile iron is still a subject of controversy. Barkan and Schales4 and Barkan and Walker,6 as a result of their studies on the formation of sulfhemoglobin, consider sulfhemoglobin as possibly belonging to the class of open-ring derivatives of hemoglobin.
They have demonstrated that in such open-ring derivatives the iron is labile and is easily split off by the action of dilute acid, and they have shown an increase of this iron in experiments in vitro. These investigators consider the labile iron as an iron-containing compound which precedes the formation of bilirubin. The above view is supported to a certain extent by the results of experiments carried out by Lemberg and his co-workers.14 They have found that artificially produced samples of sulfhemoglobin contain from 20 to 50 per cent of choleglobin, which, in their opinion, is the source of easily detachable iron and of the bile pigment. A different view, however, is expressed by Miller and Hahn,19 who disagree with the hypothesis of Barkan and favor the concept of Hawkins and Whipple"1 on the origin of bile pigments.
The results obtained in the course of these studies show that blood stasis is the main factor responsible for the escape of labile iron and the following discussion is to the point. Watson and Paine,29 in their studies of the splenic vein blood in man following injection of adrenalin, attribute a decrease in mean corpuscular hemoglobin concentration to a degradation of a fraction of hemoglobin in the intact erythrocytes during the period of their sequestration in splenic pulp and sinuses. This was associated with an increase in fragility and spheroidicity. Similar results are reported bv Chiao Tsai, Chen, and Chin7 in their studies on erythrocytic fragility induced by stasis. They assume the accumulation of osmotically active metabolites to be the cause of increase in fragility and spheroidicity in stasis. Consideration of stasis as a caustive factor in the detachment of labile iron is also supported by the work of Barkan3 and Barkan and Walker.5 They have shown that incubation of fresh sterile blood for as little as six hours, results in a significant increase of iron and bilirubin in the supernatant plasma. This phenomenon was correlated by Barkan with the presence of "pseudohemoglobin" and "easily split off" iron in the erythrocytes. According to Barkan (personal communication) there has to be assumed a continuous migration in vivo of iron from red cells into the plasma and it might be that during the intravascular stagnation of blood this process would account for an increased concentration of the plasma iron. He also states that the injury could possibly give rise to an increased release of iron from the blood stream,-iron, which now would be offered to the surrounding cells.
The paper of Doniach, Griuneberg, and Pearson8 on "The occurrence of siderocytes in adult human blood" has to be mentioned in this discussion. On application of the Prussian blue reaction to the blood smears fixed in methyl alcohol these authors were able to demonstrate in some erythrocytes iron-containing granules, which they consider as some kind of "free" or "easily detachable iron" belonging possibly to a hitherto unidentifiable hemoglobin pre- Summary An application of newly devised methods permits demonstration of granular substance in the epithelial and mesenchymal cells. This substance is derived from the red blood cells and is apparently an iron compound known in physiological chemistry as "labile," "easily detachable," or "easily split off" iron.
The release of this iron and its penetration into the cells are intravital processes which proceed with extreme rapidity. The speedy release of detachable iron is caused by tissue trauma, by the interference with 'blood circulation (blood stasis), and by a number of other factors.
Following its release the easily detachable iron is taken up first of all by the endothelial cells and then, and depending upon the causative factor and location, it is taken up with remarkable rapidity by the epithelial cells of the liver, pancreas, kidney, suprarenals, thyroid, and hypophysis, and also by the alveolar lining of the lungs. In the case of the human thyroid this iron can be demonstrated in the epithelial cells of the acinar lining one hour after surgical injury produced by rough handling. This adds to the understanding of the mechanism underlying surgical trauma and trauma in general. The avoidance of trauma, the prevention of stagnation of erythrocytes in the blood vessels, and the immediate removal of stagnant erythrocytes from the blood vessels by perfusion with isotonic sucrose solution or by other means are essential in preventing the release and the absorption of the easily detachable iron which is the main and objectively demonstrable feature of the trauma, the main problem of interest at the present time.
The "blockade" of epithelial and mesenchymal cells with labile iron is observed in a variety of other conditions. It differs in every way from the "blockade" of the reticulo-endothelial system and it has an important bearing upon a number of clinico-pathological problems herein discussed.
This phenomenon reflects the process of release and absorption of a specific fraction of the blood iron and the term "siderophagia" would be an appropriate one to designate it. Fir. 5. Rabbit tihial artery three homrs after claimping anid injury witlh lhenmostat. End(luthelial lining and imiuscle cetlls filltd with labile iron. Caumera liicidla drawing. X200.
